Ecosystem Assessment, 2005) . Perhaps the key finding of the MA is about the relationship between ES and human well-being. The MA revealed that over the past five decades, the overuse of ES substantially contributed to net gains in human wellbeing. Nevertheless, this trend also increased risks of abrupt changes in ecosystems and further marginalized some groups of the population. Unless significant changes in institutions, policies, and practices can be made, the degradation of ES and exacerbation of poverty for marginalized groups may get even worse. This prospect poses a huge barrier to achieving environmental and socioeconomic sustainability (Millennium Ecosystem Assessment, 2005) .
The influence of the MA has been substantial, but it is only an initial effort toward systematic understanding of how ecosystem change affects human well-being (Carpenter et al., 2006) . A robust theory linking biodiversity to ecosystem dynamics, the provision of ES, and changes in human well-being is lacking (Carpenter et al., 2006 , Yang et al., 2013a . When attempting to formulate such a theory, many important questions remain unanswered. For instance, how does human dependence on ES change across time, space and among different population groups such as households at various income levels? To address this question, a quantitative, longitudinal approach is urgently needed. This chapter primarily is based on a published article describing our work (Yang et al., 2013b) and intends to adopt a quantitative approach to understanding human dependence on ES. Specific objectives include (1)
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households' dependencies on ES. The index also captured changes in ES dependencies across time, space, and different access levels of natural, human, manufactured, and social capital. With the index system, we confirmed the proposition that the poor are more dependent on ES. We further generalized this proposition by demonstrating that those disadvantaged groups who have lower levels of access to other forms of capital (i.e., human, financial, manufactured, and social capital) are more dependent on ES. Thus, these groups are more vulnerable to degradation or decline of corresponding ES.
The conceptual basis and methods of the IDES system were designed, based on the MA framework, to be generalizable across different sites and units of analysis. Due to the different contexts at various sites, it is possible that the classification of various net benefits into different categories of ES may be different and should be adjusted according to the specific context. But the overall index and subindices, based on the MA framework, should be comparable across contexts. Given that it is impractical to assess all benefits and costs, in practice the most important benefits and costs in each context should be estimated to reflect the general pattern of dependence on ES. We believe that further applications and elaborations would improve the estimates of human dependence on ES and its linkages with human well-being.
We also note a distinction between dependence on ES and dependence on PES programs. The PES programs often compensate for only one or a few but not all the forgone benefits of local households. In the case of Wolong Nature Reserve, NFCP payment is mainly intended to buy an expected increase in regulating services (e.g., soil erosion control, carbon sequestration, and water conservation) while offsetting the forgone provisioning services (e.g., timber). The payment therefore did not cover benefits from cultural services (e.g., recreation and ecotourism); thus we took benefits from ecotourism and recreation into account separately.
Besides methodological innovation, the IDES system also has many theoretical contributions and management implications for understanding and managing ES for human well-being. First, the quantification of human dependence on ES hopefully can be integrated into decision-making. Such a step can rectify the current tendency of overlooking the linkages between poor people and ES in statistical reports (e.g., statistics yearbooks), poverty assessments, and natural resource management. Thus, the IDES system may avoid strategies that ignore or overlook such dependence and lead to further marginalization of disadvantaged groups. As a result, it could reduce the pressure and negative impacts that disadvantaged groups place on ecosystems. Second, this index system may help with establishing priority settings in conservation and development planning (e.g., PES program enrollment and poverty alleviation). This goal can be achieved by targeting priority population groups such as those having low access to capital and high dependence on provisioning services. Third, this index system may help to draw stakeholders' attention to and manage the previously unmanaged risks and unrealized opportunities associated with dramatic changes in ecosystems and their provision of services. Rapid global changes such as climate change and land-use change have dramatically altered the Earth's ecosystem structure and functions and have threatened the sustainable provision of ES. People and organizations that heavily depend on ES are also those who are most vulnerable to the degradation or decline of ES. Finally, future research may involve the construction of integrated models that combine IDES with indicators of indirect drivers, direct drivers, and human wellbeing. Hopefully such advances can improve the theoretical understanding and management of feedback loops in coupled human and natural systems. Consider the poverty alleviation and biodiversity conservation traps as an example. Poverty forces disadvantaged people to extract ES in an unsustainable way and leads to biodiversity losses, which reduce the provision of ES, further aggravating poverty, and creating vicious circles. Later in this book, we make an initial attempt to construct such integrated models (Chapter 12).
Summary
Human society substantially depends on a variety of ecosystem services (ES). To improve the management of risks and opportunities related to ES, a quantitative understanding of human dependence on ES, as well as the patterns, causes, and effects of its changes is essential. This chapter presented an index of dependence on ecosystem services (IDES) system to quantify human dependence on ES. The index is defined as the ratio of net benefits acquired from ecosystems to the absolute value of total net benefits, an amount calculated using economic valuation methods. We also demonstrated the construction of the IDES system and illustrated the patterns, causes, and effects of changes in IDES at Wolong Nature Reserve. Empirical analyses confirmed the validity of the index system in reflecting the general patterns of households' dependencies on ES.
Households obtained approximately 45% and 61% of their total benefits from ecosystems in 1998 and 2007, respectively. Dependence on ES also shifted away from provisioning services and toward more regulating services and cultural services. This shift may have helped improve forests in Wolong and had mixed effects on human communities. Findings supported the proposition that disadvantaged groups who have less access to other forms of capital (i.e., human, financial, manufactured, and social capital) than those with greater control are more dependent on ES. It is promising that further applications and elaborations of the IDES system may be able to improve theoretical understanding and management of ES for human well-being in a rapidly changing global environment.
